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Background Vein sclerosing therapy for varicose veins remains an extremely popular procedure. Cerebrovascular accidents can
be a serious complication. A patent foramen ovale (PFO) can act as a conduit to the arterial circulation, which
could explain the adverse neurologic consequence of this procedure. This case provides pathologic evidence of
this concept.

...................................................................................................................................................................................................
Case summary A 66-year-old female presented with syncope after undergoing varicose vein sclerotherapy. A computed tomography

angiography of the head and neck in the emergency room revealed an occluded right distal M1 middle cerebral artery.
Clot retrieval was performed with final pathology revealing amorphous material consistent with an exogenous agent,
polidocanol foam, which was used for the patient’s vein sclerotherapy. A transthoracic echocardiogram and transoe-
sophageal echocardiogram showed a PFO, which was ultimately closed percutaneously.

...................................................................................................................................................................................................
Discussion In a quarter of the population, lack of closure of the intrauterine interatrial shunt leads to the existence of a PFO.

This direct communication between the atria provides an anatomical conduit for paradoxical emboli and eventually
infarction of affected tissues. While a paradoxical embolism is an uncommon cause of acute arterial occlusion, it
can have catastrophic sequelae. Historically, the presence of an arterial thrombus from the venous circulation has
been difficult to establish unless the thrombus is visualized in transit through a PFO. Complications from vein
sclerotherapy have been reported in the literature and include transient ischaemic attacks and strokes, however,
this is the first case to provide pathological proof of a paradoxical embolism, which ultimately resulted in percutan-
eous closure of the PFO.
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..Introduction

Vein sclerosing therapy is an extremely popular procedure in the
management of varicose veins. However, it comes with potential ser-
ious risks including cerebrovascular accidents (CVAs) and transient
ischaemic attacks (TIA). The likelihood of these complications occur-
ring hinges on the presence of a patent foramen ovale (PFO), a per-
sistent embryologic right to left shunt that acts as a conduit for
paradoxical emboli.

Timeline

Case presentation

A 66-year-old white female presenting with a history of headache,
blurred vision, and syncope 3.5 h after undergoing varicose vein scler-
osing therapy. At presentation to the emergency department (ED),
she was haemodynamically stable. A neurologic exam revealed a flac-
cid left upper extremity, increased tone of the left lower extremity,
and left-sided hemi-neglect. Her cardiovascular exam revealed a
regular rhythm with a heart rate of 81 b.p.m.; no murmurs were pre-
sent. An electrocardiogram was normal sinus rhythm with occasional
premature ventricular contractions.

The patient reported a past medical history of thyroid cancer and
osteoporosis. Levothyroxine was her only home medication. She
was a non-smoker and drank alcohol twice weekly. At the time of
presentation, the differential diagnosis included acute ischaemic or
haemorrhagic CVA, atypical migraine, hypertensive encephalopathy,
hypoglycaemia, or electrolyte abnormalities. Labs from the emer-
gency room revealed a normal comprehensive metabolic panel, com-
plete blood count, and coagulation labs. A high sensitivity troponin
level was 10 ng/L (normal <14 ng/L).

She underwent computed tomography angiography of the head
and neck, which revealed an occluded right distal M1 middle cerebral

artery (MCA) and limited flow in the M2 superior division (Figure 1).
The contents of the occlusions were thought to be air and thrombus.
She was immediately taken for endovascular intervention. Clot re-
trieval in the distal right M1 MCA was performed. Final pathology
revealed laminated blood consistent with a thromboembolism. The
retrieved clot contained amorphous material composed of an ex-
ogenous agent. This was consistent with the polidocanol foam, which
was used during her vein sclerosing procedure (Figure 2). As part of
her stroke work-up, a transthoracic echocardiogram (TTE) and
transoesophageal echocardiogram were performed and she was
found to have a PFO.

The decision was made to perform percutaneous closure of the
patient’s PFO. A diagnostic right heart catheterization was initially
performed showing an oxygen saturation of 70% at the superior vena

cava and 70% oxygen saturation at the main pulmonary artery (PA).
The calculated Qp:Qs was 1, indicating no shunt. Right-sided pres-
sures, PA pressure, pulmonary capillary wedge pressure, and left
atrial pressures were normal (Table 1). Intra-cardiac echocardiogram
(ICE) showed the known PFO with right to left-right shunt through-
out the cardiac cycle (Video 1). A NobleStitchTM EL device
(HeartStitch, Fountain Valley, CA, USA) was used to close the PFO
(Video 2). Repeat ICE and bubble study showed no residual shunt
(Video 3).

The patient was seen for outpatient follow-up at 34 and 219 days
post-procedure. A follow-up TTE at 209 days revealed a small re-
sidual interatrial shunt, significantly improved from baseline. She
reported doing well with no further neurologic symptoms suggest of
stroke or TIA after undergoing intense physical therapy. She will re-
main on low-dose aspirin indefinitely.

Discussion

During foetal development, blood from the placenta returns to the
right atrium to be shunted through a passageway between the atria
known as the foramen ovale. This right-left interatrial shunt forms at

Day 0 Patient undergoes vein sclerosing therapy procedure

Day 0–3.5 h after procedure Development of left-sided weakness prompts ED visit. Computed tomography angiography head revealed

occluded right distal M1 middle cerebral artery

Day 0–3 h after arrival to ED Undergoes urgent neurovascular thrombectomy; final pathology consistent with polidocanol foam

Day 2 Transthoracic echocardiogram reveals patent foramen ovale (PFO)

Day 61 Undergoes transoesophageal echocardiogram for further evaluation of PFO

Day 418 (1 year and 1 month after stroke) PFO closure with NobleStitchTM EL device

Learning points
• Patent foramen ovale (PFO) should be considered in patients with new stroke and recent venous thrombi.
• There can be limited evidence of paradoxical emboli. When able, any thrombus retrieved from a stroke thrombectomy should be sent for

pathology if there is suspicion for paradoxical embolism in a recent venous procedure using exogenous material.
• Percutaneous closure of a PFO should be considered in patients with proof of paradoxical embolism.
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the fourth week of development and is one of two intrauterine
shunts that allows passage of oxygenated blood to the systemic circu-
lation, bypassing the foetal lungs. Postnatally, when the lungs become
functional, the pulmonary vascular pressure decreases and the left
atrial pressure exceeds that of the right, forcing the closure of the
septum primum and septum secundum. Functional closure begins at
the first breath and is rapid; however, anatomical closure is much
slower and occurs before the end of the first year. In 25% of the
population, lack of closure leads to the existence of a PFO. This direct
communication between the right and left-sided circulation via a PFO
can serve as a passageway for paradoxical embolization.

Approximately 31% of the 800 000 strokes that occur in the USA
every year are labelled cryptogenic and in 40% of these patients, a
PFO is present.1 Mechanistically, a paradoxical embolism starts with
the formation of a deep vein thrombosis (DVT). Once it propagates

Figure 1 Computed tomography angiography of the head showing distal occlusion (red arrows) of the right M1 middle cerebral artery at the level
of the bifurcation.

Video 1 Intra-cardiac echocardiogram showing the patent for-
amen ovale. There is a right-to-left shunt as shown by colour
Doppler.

Video 2 Cine fluoroscopy of patent foramen ovale closure using
NobleStitchTM EL. (Part 1) The device is situated in the fossa ovalis
and engages the septum secundum. The needle passes through the
septum secundum, capturing the suture. (Part 2) The suture-carry-
ing arm of the device is now drawn against the septum primum. The
needle is advanced to pick up the suture.

PFO in paradoxical embolism 3



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

and dislodges, the thrombus can enter the right atrium where a tran-
sient increase in right atrial pressure can cause movement through a
PFO and into the left atrium. From there, it can travel to the left ven-
tricle and out through the aorta where it can occlude coronary, cere-
bral, renal, mesenteric, or peripheral arteries. This occlusion can lead
to eventual infarction of affected tissues and, depending on the loca-
tion, can clinically manifest itself as neurological deficits, chest pain,
abdominal pain, or a cold limb.2 A paradoxical embolism is an uncom-
mon cause of acute arterial occlusion, but it can have catastrophic

sequelae and the presence of a PFO should be considered in all
patients with an arterial embolus.

It is extremely difficult to establish the presence of an arterial
thrombus from a DVT and/or a thrombus in transit through a PFO.3–

5 Without the direct visualization of an entrapped thrombus within
the defect, it can only be assumed that the cause could be a paradox-
ical embolus. In our patient’s case, evidence of this concept came
from the agent used during the vein sclerosing procedure.
Polidocanol, also known as lauromacrogol 400, is a surfactant micro-
foam used frequently during vein sclerotherapy. It acts as a detergent
and disrupts endothelial cells by dissolving essential molecules from
the membrane surface. When injected intravenously to a varicose
vein, polidocanol destroys the vessel walls causing aggregation of pla-
telets, cellular debris, and fibrin. Systemic adverse events and compli-
cations following sclerotherapy have been documented in the
literature, including CVAs and TIA. In 2011, Sarvananthan et al.6 pub-
lished a review of 41 studies that included a total of 10 819 patients
who underwent sclerotherapy. Twelve cases of CVA with confirmed
head imaging were reported and 97 cases reported various other
neurologic manifestations, including visual and speech disturbances
and migraines. Eleven patients were found to have a right to left car-
diac shunt, but no cases reported pathological proof of the embolus.
In our patient’s case, the aspirated clot from the MCA contained an
amorphous exogenous material consistent with polidocanol foam.
To the best of our knowledge, this is the first case to provide patho-
logical proof of a paradoxical embolism.

Figure 2 Thrombus retrieved from right middle cerebral artery
showing the aspirated material. The clotted material contains lami-
nated blood consistent with thromboembolus and amorphous ma-
terial (red asterisk) consistent with an exogenous substance.

Table 1 Haemodynamic pressures obtained prior to
patent foramen ovale closure

Right atrial pressure (mmHg) 8/8/7

Right ventricular pressure (mmHg) 24/2/9

Main pulmonary artery pressure (mmHg) 24/8/15

Pulmonary capillary wedge pressure (mmHg) 12

Left atrial pressure (mmHg) 13/11/8

Left ventricular end diastolic pressure (mmHg) 12

Video 3 Intra-cardiac echocardiogram showing small residual
right to left shunt by bubble study.
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After closure of the PFO, the patient underwent routine monitor-

ing of access sites and was discharged the following day on aspirin
81 mg daily and clopidogrel 75 mg daily for 6 months. She has had no
other neurologic sequelae and a follow-up TTE showed no residual
shunting.

Conclusion

While the concept of a PFO as a conduit for paradoxical emboli has
been described in the literature and in reports of neurologic compli-
cations from vein sclerotherapy, the evidence has been shown mainly
from imaging. Because of the retrieved clot, we are able to provide
microscopic evidence of exogenous material that followed the path-
way from venous to arterial occlusion via a PFO. This proof of con-
cept provides pathological confirmation of the role of PFO in
paradoxical embolism.
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